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A C H E C K E R - P L A Y I N G P R O G R A M 
FOR THE I P L - V C C O M P U T E R 

by 

W. R. Cowe l l and M. C. R e e d 

INTRODUCTION 

O u r p u r p o s e w a s to w r i t e a c o m p u t e r p r o g r a m to p e r f o r m a t a s k 
tha t could be c o n s i d e r e d a c o m p l e x , i n t e l l e c t u a l ac t iv i ty when p e r f o r m e d 
by h u m a n s . The p r o g r a m w a s to be suff ic ient ly f lex ib le so tha t s u b s t a n t i a l 
m o d i f i c a t i o n s to i m p r o v e i t s p e r f o r m a n c e would be easy and n a t u r a l a s 
d i c t a t e d by e x p e r i e n c e wi th i t s u s a g e . 

The g a m e of c h e c k e r s w a s s e l e c t e d a s an a p p r o p r i a t e t a s k for the 
s a m e r e a s o n s g iven by S a m u e l ' and for the add i t i ona l i m p o r t a n t r e a s o n 
tha t S a m u e l ' s v e r y s u c c e s s f u l c h e c k e r p l a y e r a l r e a d y e x i s t e d , mak ing 
p o s s i b l e c o m p a r i s o n s in t e r m s of p r o g r a m m i n g effor t , runn ing t i m e , and 
e f f e c t i v e n e s s of the p r o g r a m . 

O u r a p p r o a c h to the d e s i g n of a c h e c k e r p l a y e r d i f fe red f r o m 

S a m u e l ' s in two b a s i c r e s p e c t s : 

1) We w r o t e the p r o g r a m in a h i g h - l e v e l , l i s t - p r o c e s s i n g l anguage 
( I P L - V ) embody ing the f lex ib i l i ty d e s c r i b e d above . 

2) O u r p r o g r a m " l e a r n e d " by h u m a n l y i n s p i r e d m o d i f i c a t i o n s 
r a t h e r t h a n by a u t o m a t i c a d j u s t m e n t of p a r a m e t e r s . 

About t h r e e m a n - m o n t h s (by p r o g r a m m e r s wi th no p r e v i o u s e x 
p e r i e n c e in I P L - V ) w e r e r e q u i r e d to p r o d u c e the f i r s t v e r s i o n , a p l a y e r 
wi th a v e r y e l e m e n t a r y s t r a t e g y . * But the p r i c e pa id for t h i s p r o g r a m 
ming e a s e w a s h igh . A s ing le b o a r d p o s i t i o n i s s t o r e d in 66 w o r d s , by 
c o m p a r i s o n wi th four w o r d s in S a m u e l ' s p r o g r a m . Aga in , S a m u e l ' s p r o 
g r a m for the I B M - 7 0 4 r e q u i r e s 2.6 m s e c to d e t e r m i n e the l e g a l m o v e s 
f r o m a g iven b o a r d p o s i t i o n . O u r p r o g r a m on the 704 I P L - V i n t e r p r e t e r 
r e q u i r e s 2 -3 s ec for the s a m e d e t e r m i n a t i o n - - a d i s c o u r a g i n g t h r e e 
o r d e r s of m a g n i t u d e s l o w e r . It w a s c l e a r t ha t the c o s t of m a c h i n e t i m e 
would not p e r m i t s e r i o u s e x p e r i m e n t a t i o n wi th play a g a i n s t h u m a n 
o p p o n e n t s . 

* U s i n g the l a n g u a g e of S e c . (2) i t u s e d the p r i n c i p l e r o u t i n e P C R wi th a 
m a x i m u m c u m u l a t i v e node count of 1. 





A significant improvement should result from the development of an 
in te rpre te r for a la rger and faster machine (the CDC-3600) available to us. 
However, when Donald Hodges extended the 3600 system to include a hard
ware list processor,^ we t ransfer red our activity to Engine No. 2, a com
puter with the IPL-V instruction set. 

Our program ran 37 t imes faster on IPL-VC than on the IBM-704 
interpretive system. Study of the program indicated that if the IPL-VC 
system had used only one 32,768-word bank of Control Data 3600 memory 
instead of two, then this speed advantage would probably have been doubled. 

THE CHECKER-PLAYING PROGRAM IN IPL-V 

Since p rocesses are available in the IPL-V language for dealing 
with the special format of description-l ists ,^ this format was used for 
storing the rules for checker play. Thus, for example, a list associated 
with black checker moves has a description list in which symbols desig
nating the 32 squares are "at tr ibutes" whose "values" are names of l is ts 
of squares to which a black checker may legally move from the attribute 
square provided the target square is empty and no jumps are available to 
black. Similarly, description l is ts are used to store potential legal moves 
for white checkers and for kings. Potential one-checker jumps for the 
various types of pieces are stored, and jumps involving more than one 
checker are constructed recursively during the determination of the legal 
moves. 

In a s imilar manner, a description list is used to represent a given 
board position. The attr ibutes are squares , and the value of each square 
is a symbol designating its contents. 

Fundamental to machine play of a board game such as checkers is 
the construction of a "look-ahead" t ree of future positions. The nodes of 
the t ree represent the positions and the branches of possible moves. At any 
move in the game we consider a t ree whose originnode corresponds to the 
present board position. To store the t ree in memory, we need store only the 
present boardposit ion, together with a move associated with each node. Then 
each node corresponds to the position obtainable by performing the unique 
sequence of moves from the origin node. 

In the program, a node is represented by a list of squares defining 
a move. The list contains the square moved from, the square moved to, 
and the squares jumped over, if any. This node list also contains the names 
of data t e r m s which serve as valuations for the corresponding board po
sition in a manner to be described. The node l is ts are descr ibable , and 
the description l is ts provide branching information. The at tr ibutes on the 





d e s c r i p t i o n l i s t s a r e indexing s y m b o l s ( ind ica t ing b r a n c h 1, b r a n c h 2, e tc . ) 
and the va lue of e a c h i s the n a m e of the node l i s t c o r r e s p o n d i n g to the node 
on the a s s o c i a t e d b r a n c h . 

The dep th of l o o k - a h e a d i s d e t e r m i n e d by a v a r i a b l e ca l l ed t he 
" c u m u l a t i v e node coun t . " F r o m a g iven n o d e , we t r a c e a un ique pa th b a c k 
to the o r i g i n node and d e t e r m i n e the n u m b e r of b r a n c h e s f r o m each of t he 
nodes on the p a t h excep t the o r i g i n node i tself . The n u m b e r of such 
b r a n c h e s i s the c u m u l a t i v e node count and s e r v e s a s a g r o s s m e a s u r e of 
the c o m p l e x i t y of the g a m e t r e e . No f u r t h e r g r o w t h o c c u r s f r o m a g iven 
node when 

1) The p o s i t i o n i s dead (the ac t ive p l a y e r h a s no f o r c e d j u m p s ) , 
and e i t h e r 

2) The c u m u l a t i v e node count e x c e e d s s o m e a s s i g n e d m a x i m u m , 
o r 

3) The r e l a t i v e p i ece s t r e n g t h is d i f fe ren t f r o m tha t at the o r i g i n 
(king = 1.5 c h e c k e r s ) . 

The p o w e r of l i s t p r o c e s s i n g as a m e a n s for d y n a m i c a l l y a s s i g n i n g 
s t o r a g e i s ev iden t in t h o s e p a r t s of the p r o g r a m in which the s t o r a g e r e 
q u i r e m e n t s a r e a p p a r e n t only at r u n t i m e . The l o o k - a h e a d t r e e i s a p r i m e 
e x a m p l e . I P L - V p r o v i d e d the capab i l i t y for c o n s t r u c t i n g and man ipu l a t i ng 
th i s t r e e by m e a n s of r e c u r s i v e r o u t i n e s . On the o t h e r hand the u s e of 
l i s t s for r e p r e s e n t i n g b o a r d p o s i t i o n s , s t o r i ng c h e c k e r r u l e s , and dea l ing 
with o t h e r f ixed s t o r a g e r e q u i r e m e n t s w a s a c o n c e s s i o n to the n a t u r e of the 
p r o g r a m m i n g l a n g u a g e and w a s g e n e r a l l y v e r y d e m a n d i n g of s p a c e and of 
p r o c e s s i n g t i m e . 

To d e s c r i b e the s t r a t e g y for p lay , we sha l l define a p r i n c i p l e 
rou t ine a s a p r o g r a m tha t a c c e p t s a s input a g iven b o a r d pos i t i on P and a 
nonempty s u b s e t S of t he se t of l e g a l m o v e s f r o m tha t p o s i t i o n by the 
ac t ive p l a y e r , and tha t p r o d u c e s a s output a n o n e m p t y s u b s e t of S. The 
output m o v e s a r e t h o s e a m o n g the input m o v e s tha t qual ify a s be ing b e s t 
(and equa l ly a c c e p t a b l e ) wi th r e s p e c t to s o m e p r i n c i p l e of p l ay . 

E a c h p r i n c i p l e r o u t i n e u s e s the l o o k - a h e a d t r e e of p o t e n t i a l p l a y . 
To e a c h p o s i t i o n a t wh ich g r o w t h i s t e r m i n a t e d , an e v a l u a t i o n o r s c o r e i s 
a s s i g n e d . T h i s s c o r e m e a s u r e s the m e r i t of the fu tu re p o s i t i o n r e l a t i v e to 
the g iven p r i n c i p l e to the p l a y e r who i s a c t i v e at P . M i n i m a x i n g ' t h r o u g h 
the t r e e to t he p o s i t i o n P wi l l enab l e s e l e c t i o n of t h o s e m o v e s tha t wi l l 
r e s u l t (so fa r a s t he scope of the t r e e p e r m i t s e x a m i n a t i o n ) in e q u i v a l e n t 
s c o r e s . Only s c o r e s r e l a t i v e to the s a m e p r i n c i p l e a r e c o m p a r e d . T h u s 
the n u m e r i c a l va lue of t he s c o r e h a s no i n t r i n s i c m e a n i n g but only s e r v e s 
to e s t a b l i s h the r a n k of a p o s i t i o n . 





A l i s t of p r i n c i p l e r o u t i n e s p r o v i d e s a t e c h n i q u e for s e l e c t i n g a 
m o v e . T h e l e g a l m o v e s f r o m a g iven p o s i t i o n a r e s u b j e c t e d to the f i r s t 
r o u t i n e in the l i s t , and e a c h output se t of m o v e s s e r v e s a s input to the next 
r o u t i n e (which u s e s an a p p r o p r i a t e l y p r u n e d t r e e ) . If only one m o v e i s 
input , it i s a s s u m e d to qualify r e l a t i v e to any p r i n c i p l e . If the final p r i n 
c ip le r o u t i n e h a s m o r e t h a n one output , a r a n d o m s e l e c t i o n i s m a d e . The 
p r i n c i p l e r o u t i n e s u s e d by the p r o g r a m a r e d e s c r i b e d in Appendix A. 

when 

T h e s t r a t e g y app l i ed by the p r o g r a m at a g iven m o v e i s d e t e r m i n e d 

1) A l i s t of p r i n c i p l e r o u t i n e s i s s e l e c t e d , and 

2) The m a x i m u m c u m u l a t i v e node count i s a s s i g n e d . 

The p r o g r a m may s e l e c t d i f fe ren t l i s t s of p r i n c i p l e r o u t i n e s in dif
f e ren t p a r t s of the g a m e , and the m a x i m u m c u m u l a t i v e node count m a y 
r e f l e c t t he n u m b e r of p i e c e s on the b o a r d . B e t w e e n g a m e s , the p r i n c i p l e 
r o u t i n e s and the " o v e r s e e r " r o u t i n e tha t s e l e c t s the s t r a t e g y m a y be m o d i 
fied a s n e e d i s d i s c o v e r e d t h r o u g h e x p e r i e n c e wi th the p r o g r a m . I P L - V 
p r o v e d to be an e x c e l l e n t v e h i c l e for c o n s t r u c t i n g a p r o g r a m with the r e 
q u i r e d d e g r e e of f l ex ib i l i ty . 

When the p r o g r a m tha t had r u n on the 704 w a s running s u c c e s s f u l l y 
on the I P L - V C s y s t e m , a s e r i e s of g a m e s w a s p l a y e d b e t w e e n the p r o g r a m 
and v a r i o u s h u m a n o p p o n e n t s . The h u m a n p l a y e r s w e r e a m a t e u r s of m o d e s t 
c h e c k e r - p l a y i n g a t t a i n m e n t s . The 3600 c o n s o l e t y p e w r i t e r w a s u s e d for 
i npu t -ou tpu t . The g a m e s w e r e l e i s u r e l y r e p l a y e d l a t e r by the opponen t s 
and the a u t h o r s , and t h i s e x p e r i e n c e wi th the p r o g r a m d i c t a t e d the con 
s t r u c t i o n of add i t i ona l p r i n c i p l e r o u t i n e s and t h e i r a s s e m b l y in to l i s t s d e 
fining s t r a t e g y . E x a m i n a t i o n of the m a c h i n e ' s p e r f o r m a n c e w a s a ided by 
bui ld ing into the p r o g r a m a m e a n s of ana lyz ing the h u m a n o p p o n e n t ' s p lay 
and c o m p a r i n g it wi th t he p lay of the m a c h i n e . A dua l se t of p r i n c i p l e 
r o u t i n e s w a s u s e d for t h i s p u r p o s e , and when a h u m a n m o v e would have 
been r e j e c t e d by s o m e p r i n c i p l e r o u t i n e , t h i s fact w a s no ted for l a t e r 
c o n s i d e r a t i o n . 

Append ix B c o n t a i n s four g a m e s p l a y e d by the p r o g r a m a g a i n s t 
d i f fe ren t o p p o n e n t s . The c o m m e n t s a r e t h o s e of M r . Leo L e v i t t of L o s 
A n g e l e s , C a l i f o r n i a , a r ank ing c h e c k e r m a s t e r who h a s he ld s e v e r a l s t a t e 
and n a t i o n a l c h a m p i o n s h i p s . When t h e s e g a m e s w e r e sent to M r . Lev i t t 
for c o m m e n t , he knew only t h a t at l e a s t one of t he p l a y e r s w a s a c o m p u t e r 
p r o g r a m . In G a m e s I and II , t he p r i n c i p l e r o u t i n e l i s t w a s P C R , K R P , KD, 
C R A M P , MOBIL, and C E N T , and the m a x i m u m c u m u l a t i v e node count w a s 
set at 1, 4 , o r 9 depend ing on the n u m b e r of p i e c e s on the b o a r d . In 
G a m e III, the m a x i m u m c u m u l a t i v e node count w a s se t at 4 o r 9 and the 
p r i n c i p l e r o u t i n e l i s t w a s P C R , K R P , KD, and C E N T , o r the above l i s t , 
depend ing on the n u m b e r of p i e c e s on the b o a r d . In G a m e IV, a s o m e w h a t 
m o r e e l a b o r a t e " o v e r s e e r " w a s u s e d , a c c o u n t be ing t a k e n of w h e t h e r p lay 

: ,. --= J.Ji = _ or end g a m e and w h e t h e r t he m a c h i n e w a s a h e a d or 





b e h i n d in p i ece s t r e n g t h . The r e s u l t s w e r e d i sappo in t ing ly p o o r e r than 
t h o s e wi th the v e r y s i m p l e o v e r s e e r s u s e d in the o t h e r g a m e s . Ac tua l ly , 
t h i s g a m e b e t w e e n our p r o g r a m and t h i s e a r l y v e r s i o n of S a m u e l ' s p r o g r a m 
w a s one of the p o o r e s t p l ayed . It ended in a m e a n i n g l e s s " d r a w " wi th e a c h 
p l a y e r a i m l e s s l y moving a king b a c k and for th . 

T h e s e g a m e s showed tha t we a r e able to c o n s t r u c t a c h e c k e r -
playing p r o g r a m tha t w a s capab l e of r e a s o n a b l y good a m a t e u r p lay , though 
i t s p lay w a s e r r a t i c in qua l i ty . It bea t one of i t s a u t h o r s (Game III) in a 
c r e d i t a b l e m a n n e r even though he w a s t ho rough ly a w a r e of the d e t a i l s of 
i t s c o n s t r u c t i o n . It i s of i n t e r e s t to note tha t M r . Lev i t t w a s wrong in 
a s s e s s i n g which p l a y e r in G a m e s II and III w a s the m a c h i n e . * 

The f lexib i l i ty of the p r o g r a m would p e r m i t the add i t ionof f u r t h e r p r i n 
c ip le r o u t i n e s to dea l wi th m a n y s p e c i a l c h e c k e r s i t u a t i o n s . Whe the r the p r o 
g r a m could be b r o u g h t to the s t a n d a r d of m a s t e r p lay t h r o u g h such add i t ions i s 
not c e r t a i n . P l a y i n g t i m e and m e m o r y space a r e being t axed at the p r e s e n t 
l eve l of p e r f o r m a n c e , and it s e e m s l ike ly tha t s u b s t a n t i a l i m p r o v e m e n t s would 
depend on expanded f a c i l i t i e s a s m u c h as on c l e v e r add i t ions to the s t r a t e g y . 

REMARK 

In the a p p e n d i x e s , the u s u a l c h e c k e r conven t ions a r e u sed . 

1) The b o a r d i s n u m b e r e d a s shown. In the s t a r t i n g pos i t ion , b l ack 
o c c u p i e s the s q u a r e s f r o m 1 to 12, and whi te the s q u a r e s f r o m 
21 to 32. 

2) B l a c k m o v e s f i r s t . In the g a m e l i s t i n g s , whi te m o v e s a r e 

shown inden ted . 

Levitt did not know the caliber of the human players, he was at a disadvantage. In the absence Since Mr 
of a deep understanding of the game, novices ten. d to follow a set of rather inflexible rules in their play. 





APPENDIX A 

Principle Routines Used by P rog ram 

For each principle routine, we give the method of assigning a score 
to the terminal node when black is the active player at the origin node. 

PCR (Piece-count ratio) 

number of black checkers + 1.5 x number of black kings 
number of white checkers + 1.5 x number of white kings' 

CENT (Control of the center) 

S = total weight calculated from the following table less the dual 
weight calculated for white. 

Weight When Occupied Weight When Occupied 
Square by Black Checker by Black King 

9 
10 

1 1 
14 

15 
18 

19 
22 

23 
24 

K R P (Effe c t i v e a n d 

1 
2 

1 
4 

3 
2 
4 

0 
0 
0 

efficie n t k i i a g -• r o w pro te 

1 
2 

1 
8 

6 
4 
8 

1 
2 

1 

iction) 

S is assigned according to the following table. 

Squares Occupied by Black P i eces on King Row Score 

None " 

1 3 
2 3 
3 3 
4 1 

1.2 5 
1.3 9 
1.4 5 
2.3 5 
2.4 5 
3,4 2 

1.2.3 8 
1.2.4 7 
1,3.4 8 
2,3,4 4 

1,2,3,4 6 





KD (King development) 

S = -n, where n is the number of black kings on the row of 
squares 29, 30, 31, and 32. 

MOBIL (Mobility) 

S = number of plausible moves available to black if black were 
active at given node. (A plausible move is a legal move 
that does not result in a jump sequence leading to a dead 
position for which the value of PCR is less than that at the 
given node.) 

CRAMP (Cramping opponent) 

S = -n, where n is the number of plausible moves (see above) 
available to white if white were active at the given node. 
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APPENDIX B 

Games Played 

GAME I PROGRAM (BLACK) VS J . ALAN ROBINSON (WHITE) 

10-14 

22-18 

11-15 

18-11 

8-15 

24-20 

4-8 

23-19 Weak; 
28-24 More 
n a t u r a l 

15-24 

28-19 

7-11 Odd 

27-23 ; 25-22 
Much b e t t e r 

14-17 C o r r e c t 

21-14 

9-27 

32-23 

11-15 C o r r e c t 

19-10 

6-15 

23-18 Good 

15-22 

25-18 

2-7 

26-23 

7-10 

23-19 

8-11 

30-25 

5-9 

25-21 

10-14 A 

19-15 

14-23 

15-8 

12-16 

20-11 

3-12 

Looks 
a mac! 
move; 

l ike 
hine 
29-25 

i s much be t t e r 
and is m o r e 
n a t u r a l 

11-7 

9-14 P o o r ; 12-16 followed 
by 16-20 and 

23-27 d r a w s 

7-2 

12-16 

2-7 

16-19 

7-10 

23-26 

31-22 

19-24 

10-17 

24-28 

22-18 

28-32 

18-15 

32-28 

15-10 

Black r e s i g n s 

A 1 -5 ,29 -25 ,9 -14 ,18 -9 ,5 -14 ,31 -27 ,11 -15 ,27 -24 ,15 -18 ,20 -16 ,10 -15 , Black wins . 

IF 3 1 - 2 7 , 1 0 - 1 4 , 2 7 - 2 3 , 9 - 1 3 , 1 8 - 9 , 5 - 1 4 , 2 9 - 2 5 , 1 3 - 1 7 , 2 3 - 1 8 , 1 4 - 2 3 , 2 1 - 1 4 , 

23 -26 ,25 -22 ,26 -30 ,22 -18 ,30 -26 ,19 -15 ,3 -8 and Black wins aga ins t 

15-10 with 26-22 and aga ins t 14-9 or 14-10 with 26 -23 . 





11 

GAME II PROGRAM (BLACK) VS JOHN REYNOLDS (WHITE) 

10-14 

23-18 

14-23 

27-18 

9-14 

18-9 

5-14 

22-18 Very we 
26-23 is 
natural 
here 

14-23 

26-19 

ak; 
a 

11-15 Bad; 11-16 
should be good 
enough to win 

19-10 

7-14 

25-22 

2-7 Meaningless; 
8-11 or 12-16 
better 

22-17 

12-16 

17-10 

7-14 

31-26 

Black' 

8-11 

26-23 

4-8; 16-20 Much 
better 

24-20 Correct 

6-10 

29-25 

10-15 

28-24 

15-18 

32-27 

8-12 

24-19 

1-6 

19-15 

6-9 Excellent: 

15-8 

16-19 

23-16 

12-19 

25-22 

18-25 

8-4 

25-29 

s play seemed almost human! 

20-16 

29-25 

16-12 

14-18 

4-8 

25-22 

8-11; 

18-23 

27-18 

22-8 

21-17 

19-23 

17-13 

9-14 

White 

Am I right ? 

8-4 Has a 
better chance 

resigns 
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GAME m PROGRAM (BLACK) VS WAYNE COWELL (WHITE) 

9-14 

23-19 

11-15 

22-17 

5-9 

26-23 

7-11 

23-18 Mi 
17-

14-23 

27-18 

15-22 

25-18 

9-14 

18-9 

6-22 

30-25 

11-16 

25-18 

16-23 

24-19 

2-7 

21-17 

7-11 

18-14 

Black playe 

stake; 
•13 better 

d reasonably 

11-15 

14-7 

15-24 

28-19 

3-10 

32-28 

8-11 

28-24 

23-27 

24-20 

27-32 

17-13 

11-15 

20-16 

15-24 

16-11 

32-28 

11-7 

24-27 

31-24 

28-19 

7 - 2 

10-14 

13-9 

well here , winning 

19-24 

29-25 

24-19 

2-7 

19-15 

25-22 

15-11 

7-16 

12-19 

9-5 

19-24 

22-17 

14-21 

White loses 

methodically after the mistake 
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GAME IV PROGRAM (BLACK) VS 704 VERSION OF SAMUEL'S PROGRAM (WHITE) 

10-6 23-27 

8-12 6-2 

15-8 27-31 

4-11 2-7 

6-1 31-26 

5-9 24-19 

26-23 26-31 

18-27 20-16 

31-24 31-27 

3-8 7-10 

1-5 27-32 

16-19 1-5 

24-15 32-27 

11-18 5-9 

25-22 27-32 

18-25 10-7 

29-22 32-27 

8-11 7-10 

9-14 

2 2 - : 

10-15 

1 7 -

7-14 

2 5 -

2 - 7 

2 4 -

15-24 

2 7 -

6-10 

2 2 -

5 - 9 

2 8 -

11-15 

2 3 -

7-11 

3 2 -

15-18 

19-

10-19 

24 

12-16 

17 

9-14 

30 

1-5 

White 

17 

10 

22 

19 

20 

17 

24 

•19 

•28 

- 1 5 

- 1 5 

- 1 0 

- 2 5 

: wins w: 

22-17 27-32 

9-13 10-7 

17-10 32-27 

11-15 7-10 

10-6 Draw? 

15-18 

28-24 

18-23 

5-1 

ith anything. Apparent ly the machine can ' t get a king out of a c o r n e r . 
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